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Generation of Reference F requencies 


By L. A. MEACHAM 
Circuit Research 


LTERNATING currents of ac- 
curate frequency have long 
been a daily necessity in these 

Laboratories for such purposes as the 
calibration of oscillators and for the 
measurement of filter characteristics. 
Outside, they are used by jewellers to 
adjust watches, by radio stations to 
control carrier frequencies, and by 
power systems to maintain constant 
frequency. Consequently a limited de- 
mand has grown up for a “reference 
frequency” service, which is oper- 
ated by the Long Lines Department, 
using facilities that have been de- 
veloped by the Laboratories. 

The two most essential require- 
ments for reference frequencies are 
accuracy and continuity. Accuracy is 
obtained by using stable oscillators of 
the “‘submaster” type, which are con- 
trolled in frequency during normal 
operation by the master oscillators of 
the Laboratories’ frequency standard, 
but which have enough inherent sta- 
bility to carry on independently if the 
control is interrupted. This arrange- 
ment takes advantage of the high 
precision of the primary standard, and 
_yet allows the Long Lines Depart- 
ment to have direct supervision over 
the actual generation of the reference 
frequencies. To assure uninterrupted 
operation, the equipment has been 
installed in the program transmission 
control room at 32 Sixth Avenue, 
where supervision is available twenty- 
four hours a day. 

The submaster oscillators are 4000- 
cycle tuning-fork units controlled by 
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an automatically adjusted condenser 
which keeps them in step with a 
400o-cycle control current supplied 
from the Laboratories. The accuracy 
of the reference frequencies is almost 
exactly the same as that of the fre- 
quency standard* when the sub- 
masters are regulated in this manner. 
If operated independently, the oscil- 
lators will remain within one part ina 
million for at least twenty-four hours. 

The reference frequency of 4000 
cycles is supplied directly from the 
submaster oscillators. Other reference 
frequencies of 1000 cycles, 100 cycles, 
and 60 cycles are derived from the 
4000 cycles by means of frequency 
converters which are a part of the 
installation. The remaining equip- 
ment consists principally of alarm, 
protective, and maintenance features. 
The most important parts of the in- 
stallation are provided in duplicate 
in order to increase reliability and to 
permit maintenance without inter- 
ruption of service. 

The general arrangement of the 
system is shown in Figure 1. Each 
submaster oscillator has two output 
circuits. One of these is connected to 
the distributing circuits and to the 
frequency converters. The current in 
the other is compared by a polyphase 
modulator with the 4000-cycle control 
current received from the Labora- 
tories. If at any instant the frequen- 


*The frequency stability of the standard is con- 
siderably better than one part in a million, and the 
cumulative phase error is so limited that a clock 
driven continuously thereby keeps correct time 
within 0.1 second, 
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cies differ, the modulator adjusts the 
oscillator to the frequency received 
from the Laboratories by operating a 
motor-driven condenser in the oscil- 
lator circuit. 

Associated with the submaster ap- 
paratus is an alarm panel designed to 
indicate any of four trouble condi- 
tions in either oscillator: an inter- 
ruption of the control frequency, a 
drop in level of the oscillator output, 
a failure of the fork temperature con- 
trol and the reaching of either limit of 
the control range of the motor-driven 
condenser. 

An automatic switching circuit de- 
termines which of the two oscillators 
is connected to the load. It provides 
for automatic transfer of the load to 
the other oscillator, if the one in serv- 
ice fails, and for manual transfer. To 
avoid affecting service when manual 
transfer is to be made, a phase indi- 
cator is connected between the out- 
puts of the two oscillators, and means 
are provided for “‘phasing-in” the 
idle oscillator to the working one be- 
fore the load is switched. A portion of 


the output of each oscillator is trunked 
back to the Laboratories for checking. 

The main output from the auto- 
matic switching circuit is divided by 
a hybrid coil into two independent 
outputs. One of these passes to a 
distributing arrangement which sup- 
plies the 4000-cycle current to sub- 
scribers and to the frequency con- 
verters; the other is a spare for use 
with additional distribution facilities 
as required. 

The frequency converters consist of 
a series of controlled multivibrators. 
The period of oscillation of each stage 
of the series is determined by the rate 
of discharge of a resistance-condenser 
circuit which is triggered off by the 
frequency to be divided. By properly 
choosing the characteristics of these 
circuits they can be made to oscillate 
exactly at the desired submultiple of 
the applied frequency. The converters 
each have three outputs, supplying 
frequencies of 1000, 100, and 60 
cycles, all “geared” to the 4000-cycle 
frequency which controls them. Ar- 
rangements are provided by the Long 
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Fig. 1—Simplified block schematic of the system for supplying reference frequencies 
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Lines Department for distributing 
these outputs. 

Associated with each frequency con- 
verter are two protective circuits. 
One is an automatic cutoff circuit 
which interrupts all three outputs if 
the 4000-cycle input fails. The pur- 
pose of this is to prevent the delivery 
of erroneous frequencies through the 
continued operation of the multi- 
vibrators of the frequency converter 
during such an emergency. The 
second is a final precaution in the 
form of a sixty-cycle tuning fork 
driven by a portion of the sixty- 
cycle output, and arranged to actuate 
an alarm if the amplitude of the fork 
drops below a certain value. Opera- 
tion of this alarm indicates either that 
the level has failed or that the fre- 
quency is outside the limits of 60 
+0.03 cycles. Although these limits 
are coarse compared with the ac- 
curacies sought in the reference fre- 
quency service, it has been found that 


troubles which could affect the fre. 
quency would be likely to cause a 
large error if they should occur at all, 
Moreover, the sixty-cycle circuit jis 
the last link in the chain of frequency 
conversion, so that the check on the 
sixty-cycle output applies effectively 
to the entire frequency converter. 
Precise reference frequencies are 
gradually finding a number of other 
interesting uses outside of the Lab- 
oratories. Among these are the control 
of the adjustment of quartz crystals 
by the Western Electric Company 
at Kearny, the synchronization of 
switching in privacy systems and 
the control of pairs of broadcasting 
stations which operate on the same 
wavelength. By phase-comparison 
with thesixty-cycle reference standard, 
the frequency of the central station 
power system in New York City is 
held very uniform, in spite of varia- 
tions in load, so that clocks driven 
from it keep very accurate time. 


The cable cutter shown is one of several used by wiremen to cut off 

the braided copper sheath of a flexible concentric conductor used in 

making coaxial-cable connections. The cutting is accomplished with- 

out disturbing the inner conductor and its rubber insulation, by lower- 

ing a small circular saw into the conductor until it cuts through the 

sheath at one point. The sheath is then severed by sweeping the body 
of the cutter around the cable through one complete revolution 
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Measuring Permeability Under Stress 


By MATILDA GOERTZ 
Magnetics Research 


AGNETIC materials used in 

the telephone plant are fre- 

quently subjected to stresses 
set up during the fabrication or as- 
sembly of the apparatus or produced 
by the functioning of the magnetic 
devices themselves in actual service. 
It is desirable to know, therefore, 
how these mechanical stresses affect 
the magnetic properties of the ma- 
terials — particularly their perme- 
ability. Permeability measurements 
of materials under stress have, of 
course, been made for a long time, for 
the most part on straight specimens. 
Such specimens are convenient for 
applying tension, but they are sub- 
ject to the influence of stray fields, 
such as that of the earth, and must 
thus be carefully shielded. In addi- 
tion, the effects of the terminal poles 
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must be considered, which requires a 
difficult correction. 

A closed magnetic circuit, prefer- 
ably of the toroidal form, is more de- 
sirable for permeability tests, but 
with an annular specimen it is difficult 
to apply a uniform tension and at the 
same time preserve the original shape. 
To combine the advantages of both 
a straight specimen and a closed 
magnetic circuit, H. J. Williams sug- 
gested the use of a triangular speci- 
men, which would allow three equal 
forces to be applied to the corners. 
Apparatus has been built to permit 
measurements of the permeability of 
such specimens to be made under 
tension, and a considerable amount of 
data has been gathered. 

To make a series of measurements, 
a triangular specimen — suitably 
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Fig. 1 (left)—A triangular frame with sliding 
pins in each corner is used to apply tension to 
the magnetic specimen 


Fig. 2 (right)—Arrange- 
ment of permeameter with 
respect to the three tension 
wires attached to frame 


Fig. 3 (left)—Equal tension 
in the three wires of the 
permeameter is secured by a 
Y-shaped equalizing frame 


Fig. 4 (right)—Lavite form used for forming and 
heat treating magnetic specimens 
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Figure 1. The pins pass 
through the frame and 
are free to move in 
slots along lines that 
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in a Kelsall permeam- 

eter* mounted on the ‘ c 
top of a special stand 


shown in the photo- 
graph at the head of Fig. 5—V. artation of permeability with tension in a permin- 
this article. Loops of var tape with an a-c magnetizing force of 0.01 oersted 
wire are slipped over 
the two ends of each pin, and each these wires, the triangle carrying the 
pair of loops, in turn, is fastened to a specimen will assume a central posi- 
wire passing over a pulley in one of tion in the permeameter, and the ten- 
three posts mounted at the vertices sion will be the same in all three sides 
of an equilateral triangle circum- of the specimen. 
scribed around the permeameter. The From the pulleys in the posts, the 
arrangement is shown in more detail wires pass through the top of the 
in Figure 2. With equal tension on _ stand to the three ends of a Y-shaped 
*Recorp, Nov., 1929, p. 100. frame shown in Figure 3. Each wire is 
attached to a carriage 
that may be moved in 
Po a or out along the arm 
3000| — of the Y adjust- 
ing screw. The tension 
| | | | | CTTTT ITI TTT) te equalized by vary- 
1000 2000 1000 2000 3000 4000 5000 
ing their distance from 
the center of the Y. 
To the center of the Y 
= is attached a wire that 
passes under two pul- 
leys mounted in a steel 
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=] of the stand and thence 

75000 20000 30000 aspring balance and 
TENSION IN POUNDS PER SQ. IN. a power-driven screw, 

Fig. 6—Variation of permeability with tension of a permin- which supplies the ten- 
var tape with a d-c magnetizing force of 3.5 oersteds sion. This arrange- 
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ment, designed by R. F. Squires, has 
proven very effective. A round disk 
fastened to a screw is mounted be- 
neath the center of the equalizing 
frame and, before a test, is moved up 
to a position just below it to take up 
the shock if the specimen should 
break during the test. 

The specimen is made by winding 
one turn of 0.125 x 0.006 inch tape 
around the triangular lavite form 
‘shown in Figure 4. The tape is over- 
lapped slightly at one corner and the 
two ends welded together. Three 
pieces of lavite are wired to the sides 
of the form over the specimen to pre- 
vent its distortion during heat treat- 
ment. This assembly is then placed in 
a furnace and given the desired heat 
treatment, after which the specimen 
retains the shape of the lavite form 
and may be readily 
slipped over the 
three pins of the 
tension frame. 

The effect of 
magnetization due 
to stray fields on a 
specimen of this 
type is negligible 
as compared to 
that on long, 
straight specimens. 
This was verified 
by measurements 
on specimens of 
high-permeability 
permalloy turned 
in various orienta- 
tions with respect 
to the earth’s field. 
No changes in 
permeability were 


Fig. 7—A cylindrical specimen of mag- 

netic material used for studying the effect 

on permeability when the stresses are at 
right angles to the magnetizing forces 
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Fig. 8—Arrangement for a test of perme- 
ability with transverse mechanical stress 


detected. There is a slight error, how- 
ever, caused by the decrease in ten- 
sion at the vertices of the specimen 
resulting from friction at the pins. 
Since these pins have a radius of 
only one-eighth inch, while the length 
of the straight section of the triangle 
is over 3% inches, the length of the 
tape in contact with the pins is only 
a little over seven per cent. The re- 
duced tension for a given coefficient 
of friction can be calculated over the 
entire arc of contact. Assuming a 
coefficient of friction of 0.2, which is 
larger than is likely to occur under 
the conditions existing here, the 
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minimum tension is eighty-one per 
cent of that over the straight section 
of the specimen. The average tension 
over the arc of contact is ninety per 
cent of that of the straight section, 
and since this applies to only some 
seven per cent of the total length, the 
rather small variation in permeability 
over these short sections has very 
little effect on the overall perme- 
ability of the specimen. 

The sort of information gathered 
by the use of this apparatus is indi- 
cated by Figure 5, which shows the 
results of a series of measurements on 
a perminvar tape with an a-c mag- 
netizing force of 0.01 oersted. Results 
from a somewhat similar group of 
measurements at a d-c magnetizing 
force of 3.5 oersteds is shown in 
Figure 6. Tests have also been made 
showing the variations of perme- 
ability with small a-c forces while the 
specimen was subjected at the same 
time to a d-c force as well as to tension. 
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Rolling permalloy tape 


In all these tests, the tension is 
parallel to the magnetizing force. It 
is sometimes desirable, however, to 
know the variations in permeability 
when the stress is at right angles to 
the magnetizing force. For such meas- 
urements, the material to be studied 
is formed into a hollow cylinder 
about half an inch in diameter and 
6 inches long. Two sets of slots are 
made in this cylinder along two cir- 
cles at right angles to the axis of the 
cylinder and at equal distances from 
the two ends. A winding is wound 
through these slots as shown in Figure 
7, and is used for the permeability 
measurements while the cylinder is 
under either tension or compression. 
The arrangement for a tension test is 
shown in Figure 8. By these methods, 
it is possible to study the effects of 
stress on the permeability of magnetic 
specimens, and thus to determine 
more accurately their behavior under 
actual operating conditions. 
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CROSSBAR CALL PROGRESS CHART 


TERMINATING 


A Lighted Display Board for 
Crossbar Calls 


By A. S. PAGE 
Switching Development Laboratory 


HE action of crossbar switches 

while a telephone connection 

is being completed is not spec- 
tacular; a click and a snap here and 
there among the frames, the connec- 
tion is completed, and the bell rings. 
Extremely complicated functions are 
performed in a fraction of a second. 
A visitor standing anywhere in the 
laboratory is unable to see more than 
a few of the switches, the multi- 
contact relays, and the other relays 
used in establishing connections. In 
moving from the originating sub- 
scriber’s line along the route of the 
connection, he can observe the various 
points of interest only if a guide traces 
the call for him. The average visitor 
finds such a demonstration more or 
less confusing, especially when he is a 
member of a large group. 
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To provide a centralized location 
where all the points of interest of a 
telephone “call” could be delineated 
and brought to life by small electric 
lamps, the crossbar call-progress chart 
was built. As shown above, it con- 
sists of a white background with 
rectangles outlined in black and desig- 
nated with the names of the equip- 
ment they represent. These rectangles 
are connected by black lines corre- 
sponding to the wiring between the 
crossbar apparatus. Small electric 
lamps appearing in each rectangle are 
controlled by relays connected in 
parallel with the crossbar apparatus 
in actual use during demonstrations. 

From the beginning to the com- 
pletion of the connection, lamps light 
in the rectangles at the proper time 
and as the equipment completes its 
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work and is dismissed, corresponding 
lamps are extinguished. Finally only a 
line of lighted lamps is left, extending 
across the chart between the line links 
of the originating and terminating 
subscribers. The called station bell 
rings and the call may be answered in 
the usual manner. When both stations 
disconnect all lamps are extinguished, 
but if the calling station disconnects 
first, the “terminating” lamps from 
‘INC TRUNK” to “LINE LINK PRI’’ re- 
main lighted. These particular lamps 
are extinguished as soon as the called 
station disconnects. 

The connection between the cross- 
bar frames and the progress chart is 
made through relays in multiple with 
the hold magnets of the various cross- 
bar switches employed in making the 
call. Each relay, when operated, lights 
the corresponding lamp on the chart, 
and when the relay is released, the 
lamp goes out. Each hold magnet of 
the crossbar switch used in the sender 
for recording the number dialed by 


the subscriber is also provided with 
such a relay, so that a lamp in the 
originating sender square lights as 
each digit is dialed. Where crossbar 
switches are not employed, such as in 
the markers, the relays are arranged 
to light the lamps when the equipment 
is seized and to extinguish them when 
it is released. 

The crossbar chart as set up in the 
systems laboratory is shown in the 
photograph at the head of this article. 
W. Rupp, at the left, has just placed a 
call to the author, with whom he is 
talking. The lights on the various 
frames along the talking path are 
lighted, but those on the control 
equipment—sender links, senders, and 
markers—are extinguished. 

This arrangement for explaining the 
progress of a crossbar call has proven 
so helpful to visitors at the Labora- 
tories, that a somewhat similar port- 
able chart was set up in the Murray 
Hill office on East 30th Street at the 
time of its recent opening. 
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Repeaters for the Type-K Carrier System 


By I. G. WILSON 
Carrier Repeater Development 


HE type-K system transmits 

a frequency band 48,000 cycles 

wide over non-loaded cable. 
This band extends from twelve to 
sixty kilocycles, and in it twelve voice 
channels are transmitted. Over a 
fifty-mile section, which is the average 
spacing of repeater stations on exist- 
ing voice circuits, the cable attenua- 
tion at sixty kilocycles is of the order 
of 200 db. This is much more than the 
gain which can be practically utilized 
in a single repeater. As a result two 
additional repeater stations are ordi- 
narily placed between each two exist- 
ing ones, making the average spacing 
about seventeen miles. 

The requirements for the type-K 
system are set to meet a 4000-mile 
connection, and as a result it is 
necessary to consider the possibility 
of 240 amplifiers in tandem. At sixty 


kilocycles about 16,000 db of cable 
attenuation must be matched by 
controlled amplifier gains to a pre- 
cision of a few db. Obviously the per- 
missible variations in each amplifier 
are extremely small. With the trans- 
mitted band 48,000 cycles wide, the 
variation in attenuation with fre- 
quency is considerable. Nearly 5000 
db of sloped equalization is required. 
Aerial cables are exposed to wide 
ranges of temperature, and the at- 
tenuation changes by very consider- 
able amounts with temperature. This 
must be accurately compensated by 
varying the gains of the amplifiers. 

Each amplifier contributes a cer- 
tain amount of noise and of modula- 
tion products, so that the allowable 
amount of each per amplifier de- 
creases as a function of the number in 
tandem. For the type-K system, these 


Fig. 1—Amplifier for the type-K carrier system with cover removed 
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requirements become extremely se- 
vere; and particularly so for certain 
third-order products. 

The average variation in the gain- 
frequency characteristic must also be 
held to very close limits—becoming 
of the order of 0.01 db. Variations in 
battery voltage and tube changes 
must also be considered in meeting 
this requirement. About two-thirds of 
the repeaters are in small stations lo- 
cated between the voice repeater 
ofices. These auxiliary stations are 
not heated much above freezing in 
the winter, and in the summer the 
inside temperature may rise as high as 
120 degrees Fahrenheit. The require- 
ments on stability, therefore, must be 
met over a wide temperature range. A 
repeater consists not only of a number 
of vacuum tubes, but of coupling 
transformers, condensers, inductances 
and resistances, none of which can be 
produced economically with precisely 
the characteristics desired. To main- 
tain the overall characteristics of this 
complex assembly of apparatus within 
such very close limits is a task of 
major magnitude. 

There are still other requirements 
that are extremely difficult to meet. 
The amplifier gain with feedback is 


high; on long spans it is of the order 
of 80 db. At repeater stations the 
amplifiers are mounted one above an- 
other on relay rack bays. Care must 
be taken to insure that all couplings 
are kept so low that the crosstalk and 
other forms of mutual interference are 
unobjectionable. At sixty kilocycles 
this is far more difficult than at voice 
frequencies. Even short pieces of wire 
must be carefully studied both in re- 
lation to other elements of the same 
amplifier and in relation to other 
amplifiers in the same and adjacent 
bays. To insure control of such effects 
one of the precautions taken is the 
preparation of a drawing showing 
exactly the position of each wire and 
element of the amplifier. 

It might seem that the groups of 
amplifiers for the two directions of 
transmission could be _ separated 
enough to keep this inter-amplifier 
disturbance negligible. Doubling the 
space between two amplifiers, how- 
ever, reduces the coupling effects only 
6 db, so that impossible separations 
would be required to reduce the 
coupling by the required amount. 
Shielding was therefore resorted to; 
and careful design work made it pos- 
sible to place these shields so as to 
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Fig. 2—Simplified schematic of the lin 
January 1939 


e amplifier for type-K carrier system 


149 


BES 


obtain full advantage of their effects. 

To develop an amplifier of the re- 
quired precision, it was necessary to 
design gain-measuring sets for labora- 
tory use which are accurate to a few 
thousandths of a db over the entire 
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Fig. 3—Gain-frequency characteristics of 
repeaters with various basic equalizers 


transmitted frequency range. Because 
of the severe requirements of these 
broad-band repeaters, it has also been 
necessary to develop new vacuum 
tubes, two of which—the 310A and 
the 311A—have already been de- 
scribed in the Recorp.* 

The amplifier designed to meet 
these exacting requirements is shown 
in Figure 1, and a simplified schemat- 


stant in gain to meet the stabilit 
requirements in a simple amplifier, 
feedback is applied around all three 
tubes to improve their performance. 
An equalizer in the feedback circuit 
controls the slope of the gain-fre. 
quency characteristic to compensate 
for the loss-frequency characteristic 
of the line. 

Although the average repeater spac- 
ing will be about seventeen miles, the 
actual spacings will vary considerably 
from this distance because of the 
variation in the spacing of the existing 
repeater stations. The range is ap- 
proximately from 12 to 20 miles. To 
meet this range four equalizer designs 
have been provided, giving the slopes 
shown in Figure 3. The equalizers 
are designed to give the proper slope 
to compensate for the line attenua- 
tion at 55 degrees Fahrenheit. At 
other temperatures, the attenuation 
is different, and as is described in 
an article on page 160, the change 
varies with frequency. 

The total change for a 110-degree 
range in temperature on a 4000-mile 
circuit is shown in Figure 4. Although 
this change in loss is not the same 
over the transmitted band, the vari- 
ation with frequency is only about 
ten per cent of the total. Because of 
this fact, regulation for temperature 
is provided in two steps: one adjust- 
ment changes the gain equally for all 
frequencies, in an amount about that 
required at 28 kc; the other adjust- 
ment takes care of additional gains or 


ic is given in Figure 2. Three 
stages are employed, the first 
@ 2400 
two using 310A tubes, and the °¢ 
last a 311A tube. Since even y2200 
these superior tubes are not $ ons 
sufficiently linear in their z we 
characteristics to meet the 


severe modulation require- 
ments, nor sufficiently con- 
*Recorp, September, 1937, 17. 
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Fig. 4—Regulation required to compensate for a 110- 
degree range in temperature on a 4000-mile circuit 
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losses required at other frequencies. 
The former is called “flat” gain ad- 
justment, and because of its greater 
magnitude, it is made at each ampli- 
fier; the latter is called the “twist” 
gain adjustment, _and its smaller 
magnitude permits it to be made only 
about every sixth repeater station for 
aerial cable. The “twist” adjustment 
may occur somewhat less frequently 
with underground cable. 

The condensers marked Gr, T, Tv, 
and cc in the feedback circuit of 
Figure 2 provide a means of control- 
ling the gain of the amplifier equally 
for all frequencies. Condenser GR is 
designed so that the flat-gain adjust- 
ment it gives is proportional to the 
angular displacement of its plates. 
These plates in turn are connected to 
an Autosyn motor, which moves in 
step with a similar Autosyn motor in 
the master flat-gain controller. As the 
temperature of the cable varies, the 


flat-gain controller moves this con- 
denser to increase or decrease the gain 
of the amplifier by the amount re- 
quired to give the change in flat gain 
needed to compensate for the change 
in loss of the cable. Condenser cc 
provides an initial adjustment of the 
amplifier gain to equal the cable loss 
at a selected test frequency. TV pro- 
vides an adjustment for the rate of 
gain change per dial division of the 
GR condenser. Both tv and cc may be 
adjusted in the field, but 1, which 
provides for variations of all the 
capacities of the amplifier, is for shop 
adjustment only. 

The type-K system has been under 
test between South Bend and Toledo 
for over a year, and has given satis- 
factory performance. The trial indi- 
cated that the new system will be 
suitable for long cable circuits; and 
it is expected to play an important 
part in the Bell System toll plant. 
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Where the gain of an amplifier is 
adjustable, a dial is usually provided 
to permit it to be set to the desired 
value as occasion dictates. Frequently, 
however, provision must be made for 
an important adjustment which is re- 
quired only at infrequent intervals, 
or which, because of the small size of 
the adjustable element, does not lend 
itself to the ordinary dial control. 
Under such conditions it is common 
practice to provide for a “screw- 
driver” adjustment so as to avoid 
both the cost of the dial and the possi- 
bility of its being moved inadvert- 
ently. This latter method has the dis- 
advantage, however, of requiring the 
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use of measuring instruments to guide 
the adjustment. 

In the repeaters for the type-K 
carrier system an adjustment of this 
type is required for the cc condenser 
shown in Figure 2 on page 149 of 
this issue. The development of the 
554A tool, by A. J. Wier, however, has 
made it possible to secure the sim- 
plicity and ease of adjustment at- 
tainable with a fixed dial and at the 
same time the economy and freedom 
from unauthorized changes that is 
secured with a screw-driver adjust- 
ment. The condenser to be adjusted 
has its rotor shaft slotted as for a 
screw-driver adjustment, and an ad- 
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Fig. 1—The 554A tool photographed in 
front of a mirror so as to show the rear of 
the tool and the screw-driver tip, as well as 
the front and dial carrying a db scale 


justable index line for a dial is at- 
tached to the amplifier housing. The 
554A tool serves as a combination of 
screw-driver and dial with which the 
adjustment is made. 

To make such a device satis- 
factory, it is necessary that 
the slot in the shaft of the con- 
denser be accurately cut with 
respect to the alignment of the 
condenser plates, so that each 
position of the slot will cor- 
respond to a definite capaci- 
tance of the condenser. Also 
the screw-driver tip of the tool 
must be accurately set with 
respect to the dial markings, 
so that when the tool is in- 
serted in the slot, the reading 
of the dial will be equal to the 


ment of the slot. The index clip jg 
made adjustable so that its posi. 
tion may be set after an initial cal- 
ibration. 

In addition, the screw-driver tip 
must fit accurately in the slot so that 
there is no appreciable backlash. This 
is of no importance with ordinary 
screw-driver adjustments, since a 
meter reading, and not the position 
of the screw-driver, is the ultimate 
criterion of the adjustment. This free- 
dom from backlash is secured by 
cutting a rectangular slot with ac- 
curately parallel sides in the con- 
denser shaft, and making the screw- 
driver tip with accurately parallel but 
tapered sides. With this arrangement 
the screw-driver wedges tightly into 
the slot with little applied pressure. 

The cut in the slot of the condenser 
shaft and its alignment with the con- 
denser plates are made alike for all 
the type-K amplifiers, and the 554A 
tools are likewise all identical. This 
permits the same tool to be used for 
making all the adjustments in all of 
the amplifiers in an office. 


Fig. 2—Front of the type-K amplifier showing hole 


gain r esulting from the con- for the 554A tool, and the index line marked on a 
densercapacitancecorrespond- small metal clip, which is attached in the proper 


ing to that particular align- 
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position during the factory test 
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NEWS AND PICTURES 


of the 
MONTH 


Anthony Eden, former British Foreign Secretary, speaks before members 
of the National Association of Manufacturers during the organization’ s 
annual dinner at the Waldorf-Astoria in New York. His address marked 
the first public use of Western Electric’s versatile ““cardioid” microphone, a 
recent development of the Laboratories that enables radio engineers to select 
sounds from any direction and to suppress the effects of unwanted noise 


News of the Month 


THE Power or INDUSTRIAL 
RESEARCH 


On DecemBer 2 F. B. Jewett spoke before 
the thirty-second annual convention of The 
Association of Life Insurance Presidents on The 
Laboratory—A Potent Source of Progress in 
Industry. During the address Dr. Jewett said: 

“The power of the industrial research labora- 
tory resides in the philosophy of controlled 
experimentation and in organized coérdinated 
attack by trained specialists on each element 
of a problem. It differs from the fundamental 
science research laboratory only in that the work 
of the latter is but loosely codrdinated and that it 
has a definite utilitarian objective for its work 
rather than a mere seeking after new knowledge 
for its own sake. In it every problem to be at- 
tacked is first analyzed and dissected into its 
component parts, each one of which becomes the 
problem of a specialist or group of specialists. 
When their work is completed, the parts are 
synthesized into a complete solution. . . . 

“, . the research laboratory, if not the most 
potent source of progress in industry, is certainly 
one of the most potent. If proof of this is still 
wanted, just picture to yourselves what would 
happen to applied science industries if the con- 
tributions of the laboratory during the past two 
decades were to be suddenly withdrawn. Many 
of them would vanish and all would shrivel to 
crude affairs measured by present-day standards. 
Untold thousands of those now gainfully em- 
ployed would be added to those without work 
and the public would be deprived of goods and 
services which we have come to consider necessi- 
ties rather than novelties or luxuries.” 


CoLLoguiIuM 


A. J. Rack spoke at the November 14 meeting 
of the Colloquium on Some General Properties 
of Fluctuation Phenomena. He described a fluc- 
tuation theory in terms of quantum statistics. 
From this viewpoint the relation between 
thermal resistance noise and shot noise in vacuum 
tubes was developed. Mr. Rack also discussed the 
nature of photoelectric, secondary and cold 
emission. 

At the December 5 meeting B. L. Clarke gave 
a demonstration lecture on Chemistry and the 
Telephone. Dr. Clarke’s talk described the part 
which chemistry plays in the selection of ma- 
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terials for telephone apparatus and in protecting 
these materials against deterioration in service. 
Certain aspects of chemical research in explaining 
the behavior of these materials were also dis. 
cussed. His presentation was illustrated by about 
thirty experimental demonstrations of the use of 
microchemical and optical techniques in the 
study of materials. These experiments were 
made visible to the audience by a special method 
of projection on a screen. 

Dr. Clarke presented this same lecture before 
the Communication Engineering section of the 
Western Society of Engineers in Chicago on 
November 15. He was assisted at both lectures 
by H. W. Hermance and T. F. Egan. 


PROGRESS OF THE Two-MEGACYCLE 
CoaxIAL INSTALLATION 


Durinc October and November a number of 
observations and tests were made of the perform- 
ance and the characteristics of the two-megacycle 
coaxial installation between New York and 
Princeton. These have included measurements of 
attenuation, delay modulation, noise crosstalk, 
transmission stability and tests of amplifier 
switching arrangements. Equalizers have been 
installed at New York and Princeton to reduce 
deviations in the overall transmission-frequency 
characteristic. 


News Nores 


THE FRONTISPIECE of this issue, page 137, 
shows H. K. Krist checking the torque of the 
mechanical brake in the twist regulator used 
with the type-K carrier system described on 
page 160. 

W. H. Harrison, Vice President and Chief 
Engineer of the A. T. & T. and a director of the 
Laboratories, has been elected to the corporation 
of Brooklyn Polytechnic Institute. 

M. J. Ketty spent the week of November 23 
in Chicago where he visited the Teletype Corpo- 
ration and the Hawthorne plant of the Western 
Electric Company. He also attended a meeting 
of the American Physical Society at the Uni- 
versity of Chicago and a meeting of its Council. 

On December 1 F. R. Lack transferred to 
the General Commercial Engineering Depart- 
ment of the Western Electric Company at 195 
Broadway as General Commercial Engineer. In 
this capacity he will have charge of the sale, 
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through the Company’s distribu- 
tors, of Western Electric products 
outside of the Bell System. This 
includes the by-products of tele- 
phone research such as broadcast- 
ing equipment, aviation, police 
and marine radio, public address 
systems, etc. 

Mr. Lack completed twenty- 
five years of service in the Bell 
System on December 8. He joined 
the Western Electric Company in 
igi1 and after shop and labora- 
tory training he was enrolled for a 
year in the student course of the 
Engineering Department. In May, 
1917, Mr. Lack, with a number of 
his associates, entered the Signal 
Corps, in a development unit 
which was stationed in Paris to 
maintain close contact with the 
fighting front. Returning in 1919, 
he was assigned to development 
work on radio telephony. An out- 
growth of this was a radio link 
between Peking and Tientsin, 
whose installation he personally 
supervised. While in the Far East, 
he installed the first multiplex teletypewriters for 
the Japanese Government, receiving in recog- 
nition the Order of the Rising Sun. 

Upon his return he entered Harvard as a 
special student and received his B.S. degree 
two and a half years later. Reéntering the Bell 
System as a member of the Laboratories he was 
occupied at first in studies preliminary to 
the short-wave transatlantic radio. This work 
showed the need for a thorough study of piezo 
electric crystals. Researches conducted by Mr. 
Lack led up to the present AT and BT cuttings 
now used in Western Electric crystals. As an 
interlude in his crystal work he had charge of 
designing and building the ship equipment for 
the Bell System’s first commercial installation 
of ship-to-shore radio on the S.S. Leviathan. 
In 1935 Mr. Lack was placed in charge of the 
Vacuum Tube Development Department. 

* * * * * 

THE automatic direction finder for aircraft 
and the terrain-clearance allimeter were selected 
by Watson Davis, Director of Science Service, 
as providing one of the ten leading science stories 
for 1938. These were described in the October 
and November issues of the REcorp, respectively. 

DirREcT TELEPHONE service between the 
United States and Australia was established on 
December 20 over a short-wave radio circuit 
between San Francisco and Sydney. Previously, 
service had been set up over two radio circuits 
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B. L. Clarke (right) spoke on chemical research before the 
Western Society of Engineers on November 15. He was 
assisted by T. F. Egan (left) and H. W. Hermance (center) 


by way of London. The new route shortens the 
distance by more than 4,000 miles and is the 
fifth circuit over the Pacific, the others being to 
Tokyo, Shanghai, Java and the Hawaiian 
Islands. 

A MEETING OF THE Radio Range Subcommittee 
of the Radio Technical Committee for Aero- 
nautics held in Pittsburgh was attended by 
E. L. Nelson, D. K. Martin and R. S. Bair. 
They also witnessed a demonstration of an 
experimental 65-megacycle range system in- 
stalled at the Allegheny County Airport. 

J. E. Corsin was at Norfolk to test a 223A 
radio telephone equipment. 

H. C. Curt gave an informal talk on announc- 
ing systems before the apprentice school of the 
Bethlehem Shipbuilding Company at Fore 
River, Massachusetts, on December 2. 

J. F. Morrison, at Providence, inspected and 
adjusted the directional antenna systems of 
broadcasting stations WJAR and WPRO. These 
antennas were damaged during the New England 
hurricane last September. 

Earty 1n Decemser, R. A. Miller, L. B. 
Cooke, R. N. Marshall and W. R. Harry collabo- 
rated with engineers of the Western Electric 
Company in the installation of special public 
address equipment at the Waldorf-Astoria for the 
meeting of the National Association of Manufac- 
turers at which Anthony Eden, former Secretary 
of State for Foreign Affairs in the British govern- 
ment, spoke. The equipment used included two 
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of the new Western Electric 639A cardioid direc- 
tional microphones and a special two-unit 
speaker. This speaker is a new development of the 
Laboratories and is characterized by an ex- 
tremely smooth response over a wide frequency 
band and by its ability to disperse all frequencies 
over a very wide area. It is compact and is 
ideally suited for location at the center of the 
proscenium arch of an auditorium where ex- 
perience has indicated the loud-speaker system 
must be located to obtain the highest degree of 
naturalness of the reproduced sound. 

W. A. MacNair spoke before the Physics 
Section of the Eastern Division of the Society 
for Promotion of Engineering Education on the 
subject 4 Graduate Course in Physics as a Basis 
for an Engineering Career. The meeting was held 
on December 10 at New York University. 

H. C. Rusiy and C. L. Van InwaceEn con- 
ferred with members of the E. Ingraham Com- 
pany at Bristol, Connecticut, on November 21. 

A. C. WaLKER, with C. I. Ltoyp of the Western 
Electric Company at Kearny, visited the Gaston 
County Drying Machine Company at Stanley, 
North Carolina, to inspect a textile drying equip- 
ment recently acquired by Western Electric. 
They also made tests on a new type of similar 
equipment at Laurel Hill, North Carolina, and 
visited the Franklin Drying Machine Company 
at Greenville, South Carolina. 

Dr. WALKER has been made a director of the 
U. S. Institute for Textile Research, Inc. For 
the past two years he has been chairman of 
the Institute’s Administrative Committee for 
Drying Research. 

H. H. Gienn was at Pittsburgh on matters per- 
taining to air-cleaning problems of central offices. 

Frank CarosELti has returned from Mana- 
hawkin, New Jersey, where, for about four weeks, 
he was engaged in adjusting and testing input 
filters for the musa short-wave receiver. 

P. E. Bucu and C. S. Know town visited 
E. I. du Pont de Nemours and Company at 
Arlington, New Jersey, to discuss the installation 
of a new relay-controlled power plant. 

Durinc Novemser, I. V. Williams, W. 
Babington and W. E. Ingerson spent several days 
at Chester assisting in the special cable studies 
being carried on there by W. J. Farmer and 
J. P. Guerard. C. H. Greenall also visited Chester 
to observe the progress of the work. 

AT A MEETING of the Communication Group 
of the New York section of the A.I.E.E., held on 
December 15, J. R. Townsend described the 
high-speed motion picture camera developed by 
the Laboratories and discussed its use in the 
development of telephone apparatus. He also 
showed films taken with this camera among 
which were pictures of the burning out of fuses, 
the vibration of telephone relays, the chatter of 
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various impacting parts and the human vocal 
cords in operation. 

Metuops of hot and cold pressing of aluminum 
and aluminum alloys were observed by C. H 
Greenall, I. V. Williams, D. P. Barry and E, A. 
Hollis at the Edgewater, New Jersey, plant of the 
Aluminum Company of America. T. E. Shea 
and J. R. Townsend also visited the Edgewater 
plant for a similar purpose. At a later date they 
visited the Royal and the Underwood Typewriter 
Companies at Hartford. 

Mr. GREENALL discussed lithographing of mes- 
sage register wheels with engineers of the Veeder- 
Root Company of Hartford. 

Mr. TownseEnp, as chairman of the New York 
District Committee of the A.S.T.M., presided 
at a meeting at which Dr. Stroud Jordan, Chief 
of the Bureau of Standardization of the City of 
New York, spoke on Quality of Materials. 

MEMBERS OF THE Laboratories who have re- 
cently made trips to the Hawthorne plant of the 
Western Electric Company included W. W. 
Werring and E. C. Erickson, who discussed fits 
and tolerances; D. H. Wetherell, engineering 
problems regarding crossbar equipment; R. L. 
Lunsford, step-by-step equipment for central 
offices; and H. G. Arlt, B. L. Clarke, W. E. 
Campbell, H. W. Hermance and T. F. Egan, 
finishes, materials and chemical analyses. 

RECENT visitors at the Laboratories from 
Hawthorne included L. E. Bennett, C. A. 
Borland, H. E. DeCamp, M. C. Farland, 
C. H. Franks, F. E. Henderson, A. C. Jones 
and H. A. Lamb. 

PaPERS ENTITLED Auditory Significance of the 
Term “Hearing Loss” by J. C. Steinberg and 
M. B. Gardner and 4 Tubular Directional 
Microphone by R. N. Marshall and W. P. Mason 
were presented at a meeting of the Acoustical 
Society of America held in Cambridge, Massa- 
chusetts. Among those present were Harvey 
Fletcher, E. C. Wente, R. L. Wegel, L. J. 
Sivian and J. R. Power. 

F. C. Nix discussed The Order-Disorder Trans- 
formations in Alloys before the Metropolitan 
section of the American Physical Society at 
Columbia University. He also gave a lecture in 
the Educational Series of the New York section 
of the American Society for Metals entitled 
General Concepts, Solid Solutions, Their Structures 
and Properties. An article entitled 4 Vacuum 
Furnace for the Production of Single Crystals of 
Metals and Alloys, by Mr. Nix, was published in 
the December issue of The Review of Scientific 
Instruments. 

A Western ELectric 403-Al radio trans- 
mitting equipment and a directional antenna 
system were inspected and adjusted by J. F. 
Morrison at Station WOL, Washington, D. C. 

K. K. Darrow visited Harvard University 
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I 
Identifying cable 
wires in a@ manhole 
with a capacitance 
wire-identifying set 
(see page 155) 


I 


Heat treating a mag- 
netic alloy 


Il 


Current of constant 
frequency generated 
by this equipment is 
used by power and 
broadcasting systems 
to check the fre- 
quency of their out- 
put (see page 138) 


IV 
Field study of cable 
sheath at the Chester, 
New Fersey, labora- 
tory 
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and the Massachusetts Institute of Technology 
in mid-November; attended the meeting of the 
American Physical Society in Chicago at the 
end of November and on November 29 spoke on 
Radioactivity, Artificial and Natural before the 
Engineering Society of Detroit. On November 
19, Dr. Darrow also spoke on The Heavy Electron 
before the American Philosophical Society in 
Philadelphia. 

R. L. Dietzotp described the Isograph before 
the Electrical Engineering Graduate Seminar of 
the Polytechnic Institute of Brooklyn and then 
showed the motion pictures of the machine in 
operation. 

L. H. GerMErR discussed The Arrangement of 
Metal Atoms in Excessively Thin Films at a 
recent meeting of the American Physical Society 
in Chicago. 

R. Bown and A. G. JENSEN attended a joint 
meeting of the Institute of Radio Engineers and 
Radio Manufacturers of America that was held 
in Rochester. 

V. L. Ronci and J. P. Latico were at the plant 
of the Corning (New York) Glass Works to 
discuss glass problems. 

R. M. Burns visited the Point Breeze plant of 
Western Electric Company at Baltimore in con- 
nection with various finishing problems. 

H. G. Artt with M. Brown of Hawthorne 
visited automobile plants in Detroit to study 
their finishing processes. 

STUDIES OF TARNISH and noise took H. W. 
Hermance, T. F. Egan and W. E. Campbell to 
Cincinnati and Pittsburgh. 

A. E. RuEuLe visited the National Bureau of 
Standards and the Geophysical Laboratory of 
the Carnegie Institution at Washington to dis- 
cuss physico-chemical methods of analysis. Mr. 
Ruehle also lectured before the Rochester sec- 
tions of the American Chemical Society and of 
the Optical Society of America on Spectrophotom- 
etry in the Study of the Structure of Vitamin B, and 


before the Ithaca section of the 
Chemical Society on the same subject. 

B. L. CLarke presided over a symposium on 
Microanalysis held by the A.S.T.M. District 
Committee at the Mellon Institute at Pittsburgh. 

AT THE DIELECTRIC SYMPOSIUM of the National 
Research Council held in Pittsburgh, E. J. 
Murphy presented a paper entitled The Genera- 
tion of Gases in Paper by Thermal Decomposition 
and by Electrolysis of which he was co-author 
with G. T. Kohman. Mr. Kohman also attended 
the meeting and presented a paper, The Pore 
Structure of Paper in Relation to Drying and 
Impregnation, of which he was co-author with 
D. A. McLean. 

AT THE DECEMBER 2 meeting of the Radio 
Colloquium held at the Deal Laboratory J. M. 
Barstow spoke on Noise Measurement and Its 
Evaluation in the Bell System. 

L. P. BarTHELp has returned from a few days 
in San Francisco where he arranged for the in- 
stallation of some of the exhibits for the World’s 
Fair in 1939. 

E. K. Epernart, in Pittsburgh, inspected an 
indirect lighting installation for operating rooms. 
The lighting system used has recently been 
standardized for all similar rooms. 

A. E. Petrie discussed power apparatus at 
Albany and Schenectady. 

F. F. Srepert and H. L. attended a 
battery conference at Philadelphia. 

STUDIES ON AMMETER RELAYS were made by 
H. M. Spicer at Bethlehem, Pennsylvania. 

OPERATION OF THE NEW regulated-tube recti- 
fiers at Manahawkin, New Jersey, and Wilming- 
ton, Delaware, was observed by D. E. Trucksess, 
R. P. Jutson, J. L. Larew and H. H. Spencer. 
Mr. Spencer also checked ground compensator 
operation at Charlotte, North Carolina. 

R. D. ve Kay visited Philadelphia to discuss 
emergency power equipment with engineers at 
the Long Lines office. 


American 


G. E. Atkins C. W. Halligan 
C. C. Barber J. J. Harley 

H. M. Bascom H. C. Harrison 
E. Bruce H. Hovland 

. E. Clark A. P. King 

V.M Cousins G. V. King 

R. C. Dehmel F. S. Kinkead (2) 
A. C. Dickieson W. A. Knoop (2) 
J. T. Dixon J. J. Kuhn 
L. A. Gardner A. G. Lang 

E. L. Getz G. A. Locke 
F, Gray G. R. Lum (3) 


MEMBERS OF THE LABORATORIES TO WHOM Patents WERE IssuED 
Durinc THE Montus or OcroBER AND NOVEMBER 


R. F. Massonneau K. F. Rodgers 
M. B. McDavitt V. L. Ronci 
D. Mitchell W. B. Snow 
N. Monk V. Subrizi 

O. Myers E. R. Taylor 
T. H. Neely D. M. Terry 
H. Nyquist R. V. Terry 
R. S. Ohl H. W. Ulrich 
W. T. Pritchard E. K. Van Tassel 
H. M. Pruden H. N. Wagar 
G. A. Pullis E. C. Wente 
C. D. Richard 
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J. C. Baytes visited Station WIBX, Utica, 
New York, and Station WKST, New Castle, 
Pennsylvania, to adjust Western Electric 310B 
radio transmitting equipments. He also went to 
the radio stations of the Merrimac Broadcasting 
Company at Lowell and Lawrence, Massachu- 
setts, to inspect their synchronizing equipment. 


W. P. Andrick 


G. A. Hurst was in Buffalo for a week testing a 
sender change that will reduce reaction in panel 
offices when sudden unusually heavy traffic 
loads occur; he also investigated several other 
circuit conditions. 

J. C. Lozier has been at Norfolk to observe the 
performance of the E-1 control terminal. This is 
part of the trial installation of a new ship-to- 
shore radio-telephone system. 

W. D. Misc er has been conducting tests on 
the Toledo-Detroit-South Bend type-K cable- 
carrier system, preparatory to a trial of a new 
automatic deviation regulator. 

G. H. Downes and H. H. GLewnn visited Pitts- 
burgh where they studied problems relating to 
ventilating and air conditioning of central offices. 

INSTALLATION PROBLEMS arising in connection 
with the conversion of the Lynn central office to 
crossbar equipment were discussed in Boston 
by L. A. Dorff, C. V. Taplin, E. W. Hancock 
and E. J. Kane of the Laboratories and several 
A. T. & T. engineers. E. W. Hancock also spent 
several days at Lynn on the same project. 

L. Hocucrar made crosstalk tests on the 
Portland-The Dalles cable in Oregon with the 
aid of Pacific Telephone and Telegraph Company 
personnel. This is the first cable to be installed 
with a layer shield designed to permit opposite- 
directional type-K carrier telephone circuits in 
the same cable. 
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F. W. Ampere and H. B. Noyes made crogg. 
talk tests in North Carolina on the first cable to 
be installed containing paired conductors de. 
signed for type-K carrier operation. They algo 
made impedance, attenuation and crosstalk tests 
on the ten-gauge Charlotte entrance cable which 
is the first cable of its type to be installed for 
type-J carrier operation. 

A. J. AIkENs is making noise and crosstalk 
tests on the type-J carrier system between Jack. 
sonville and West Palm Beach. 

L. Y. Lacy has been testing noise and crosstalk 
on the two-megacycle coaxial circuit between 
New York and Princeton. 

* * * * * 

ON THE ELEVENTH OF DECEMBER members of 
the Laboratories learned with regret of the death 
of W. P. Andrick of the Systems Development 
Department. Following his graduation from Rose 
Polytechnic Institute with the degree of B.S. in 
Electrical Engineering, Mr. Andrick joined the 
General Electric Company where he remained 
for two years and then was with the General 
Acoustic Company for six years. In January of 
1916 he came to the Engineering Department 
of the Western Electric Company where he was 
first concerned with the development of local 
circuits and interphone systems. For a year and 
a half during the World War period he worked 
on special telephone systems for the government. 
Since then Mr. Andrick had been continuously 
engaged in the design and development of cir- 
cuits for central-office alarms and miscellaneous 
equipment used in step-by-step, panel and 
crossbar systems. 

A. L. Wuitman visited West Palm Beach and 
Eau Gallie, Florida, to discuss crosstalk tests 
being made as a part of the trial installation of 
the type-J carrier system. 

TRANSMISSION TESTS of the effectiveness of 
compandors and noise reducers, installed tempo- 
rarily in the type-J carrier system between 
Jacksonville and West Palm Beach, have re- 
cently been made. Those taking part in these 
tests include L. G. Abraham, R. S. Alford, N. W. 
Bryant, C. W. Carter, D. Mitchell and H. S. 
Winbigler. 

L. R. Montrorrt has been in Oklahoma City, 
Denver and Whitewater (California) in connec- 
tion with the addition of 2B pilot channels to 
type-C systems on the Fourth Transcontinental 
route. He also visited Wilbur and Spokane, 
Washington, where he set up automatic equip- 
ment for measuring line attenuation at type-C 
frequencies during the coming winter. 

R. K. Butiincton has been making measure- 
ments of modulation and transmission at fre- 
quencies up to 150 kilocycles on copper-clad 
steel wire at Phoenixville. 
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RecentLy, H. R. Moore, B. C. Griffith, W. H. 
Tidd and A. W. Lebert, who have been working 
on the type-J trial between Jacksonville and 
West Palm Beach, returned to New York. 

E. J. THIELEN attended the Sixth Metropoli- 
tan Conference on Employment and Guidance 
held on November 18 and 19 under the auspices 
of the Welfare Council of New York City. 

Joun Mitts visited San Francisco in connec- 
tion with its forthcoming World’s Fair. 

M. E. Striesy and L. S. O’Roark partici- 
pated in the special lecture series of the New York 
Telephone Company’s Out-of-Hour Courses. Mr. 
Strieby spoke on Coaxial Cable Systems and Mr. 
Q’Roark on Current Developments of Bell Tele- 
phone Laboratories. 

G. F. FowLer has been appointed a member 
of the Inspection Trips Committee for the 
A.L.E.E. mid-winter convention. 

H. G. BANDFIELD was at the Patent Office in 
Washington where he appeared before the 
Board of Appeals. 

Tue LABORATORIES were represented in inter- 
ference proceedings at the Patent Office in 
Washington by G. F. Heuerman before the 
Board of Appeals and by A. J. Zerbarini and 
W. J. O'Neill before the Primary Examiner. 

H. B. Briccs attended the meeting of the 
American Optical Society held at Niagara Falls. 

F. E. Nimmcke adjusted the shunt-excited 
antenna at Station WIBL in Syracuse, super- 


C. D. Hocker of the Outside Plant Develop- 

ment Department and F. I. Brownley of the 

Taylor-Colquitt Company at Spartanburg, 

South Carolina, examining pine poles prior 
to an experimental treatment 
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vised the installation of a 405-A1 radio trans- 
mitting equipment at Tulsa, Oklahoma, and 
inspected a 355D-1 radio transmitting equipment 
installation at Siloam Springs, Arkansas. 

T. E. Lenican assisted the police departments 
at Mt. Vernon and New Rochelle in changing 
over to their new operating frequencies. 

R. H. Linpsay visited the Federal Communi- 
cation Commission in Washington. 

Durinc Decemser four-star service emblems 
signifying the completion of twenty years of 
service in the Bell System were awarded to six 
members of the Laboratories. In the Apparatus 
Development Department, J. D. Kilgallen 
completed twenty years of service on the ninth; 
in the Systems Development Department, H. T. 
Langabeer on the twenty-first and T. J. O’Neil 
on the sixteenth; in the General Service Depart- 
ment, William Atkinson on the fourth; in the 
Plant Department, H. E. Crosby on the fifteenth; 
and in the Patent Department, R. O. Covell on 
the fourth. 


VISITORS TO THE LABORATORIES 


AMONG THE engineers and research workers 
who visited the Laboratories during the past few 
months were, from Australia, Miss Belle Robert- 
son, Post Office Research Laboratories, Mel- 
bourne, and J. I. Jenner, Manufacturing Engi- 
neer, Standard Telephone and Cables, Ltd., 
Sydney; Belgium, Dr. Maurice Huisman, 
Brussels, Eugene Koumans, Bell Telephone 
Manufacturing Company, Antwerp, George 
Blackburn, Automatic Electric Company, Ant- 
werp, and Professor Marcel Florkin, Professor of 
Physiological Chemistry, University of Liege; 
Brazil, A. M. Vidal, International Standard 
Electric Corporation, Rio de Janeiro; Canada, 
L. C. Ratcliffe, Bell Telephone Company of 
Canada, Toronto, and Messrs. Marshall and 
Colley, Northern Electric Company, Montreal. 

From England, L. T. Arman, British Post 
Office, Dr. Maldwyn Jones, Imperial Chemical 
Industry, Birmingham, B. O. Anson, retired 
Assistant Chief Engineer of the British Post 
Office, L. B. Jolley, Research Laboratories of the 
General Electric Company, John Ireland, Direc- 
tor of Development, and D. J. Macnaughton, 
Director of Research, International Tin Research 
and Development Council, London, Lionel R. 
Merdler, Television Engineer, London, Drs. 
L. E. Price, D. J. Thomas and D. Stockdale, 
Cambridge University, A. M. Thornton and 
A. L. Long, Standard Telephones and Cables, 
Ltd., London, Professor N. F. Mott, University 
of Bristol, Dr. J. C. Chaston, Research Labora- 
tories of the Johnson Mathey and Company, 
Wembley, Dr. W. T. Griffiths, Manager of the 
Mond Nickel Company, Ltd., London, and 
Dr. L. B. Pfeil, in charge of its Research Lab- 
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oratory at Birmingham, P. M. S. Blackett, 
Professor of Physics, Manchester University, 
C. G. Williams, Director of Research, Institute of 
Automotive Engineers, London, Harry Ward, 
Management Research Groups, London, Dr. 
Gertrude Scharff, Imperial College of Science 
and Technology, London, and Professor E. G. 
Richardson, Kings College, Cambridge; France, 
H. Dumas and L. Guilbaud, Lignes Telegra- 
phique and Telephonique, Paris, H. D. Figour 
and A. M. Guercin, Le Material Telephonique, 
Paris, C. A. Martin, International Telephone 
and Telegraph Company, Paris, and Dr. Marcel 
Bally, Chief of Research Service, Centre d’Infor- 
mation du Nickel, Paris. 

From Germany, Dr. H. F. Mayer, Fritz Doer- 
ing, Erwin Hoelzler and William Kroll, Siemens 
and Halske, Berlin, Dr. H. Rothe and W. Rahm, 
Telefunken Company for Wireless Telegraphy, 
Berlin, Dr. Korber, Metallurgist, Kaiser Wilhelm 
Institute, Herr Alvensleben, Berufsgenossen- 
schaft der Feinmechanik und Elektrotechnik, 


Berlin, Emil Korber, Nuremburg, Wilhelm 
Wuttig, Berlin, and H. B. Willers, Veteiligungen 
members of the Associated Companies of the 
International Standard Electric Corporation jn 
Germany, Dr. M. Staatz and E. Wiegand, Osram 
Lamp Company, Berlin, and Dr. Wilhelm Rohn 
Heraeus-Vacuumschmelz; Hawaii, Mr. Living. 
ston and L. E. Clark, Mutual Telephone Com. 
pany, Honolulu; Holland, W. A. Werner, Delft 
University; Fapan, Daiki Yamada, Sumitomo 
Metal Industries, Dr. K. Abe, Professor of Elec. 
trical Engineering, Kioto University, and Toshio 
Takahashi and Kyuko Nagashima, Tokyo 
Electric Company, Ltd.; and from Sweden, Pro. 
fessor Axel Hultgren, Metallurgist of the Tek- 
niska Hogskolan, Valhallavagen, Stockholm, Dr, 
Stig Ekelof, Doctor of Technology and Lecturer 
in Theoretical Electronics, Royal Institute of 
Technology, Stockholm, Nils A. Sterner, Assis- 
tant Managing Director, L. M. Ericcson Com- 
pany, Stockholm, and Professor Lennart Ny- 
strom, Technical University of Sweden. 


Template 
for Graphing 
Audio-Amplifier 


Performance 


By H. W. AUGUSTADT 


Commercial Products Development 


N the design of a resistance- 
coupled amplifier for public 
address or other audio-fre- 
quency uses it is usually help- 
ful to draw quickly a number 
of characteristic curves for 
several values of each variable. 
While these curves can be 
computed and plotted, the 
work is laborious; when an ap- 
proximation will serve the 
purpose, as it usually will in 
the early stages of design, a 
graphic method is a great 
time saver. 

A typical resistance-coupled stage 
is shown in Figure 1. This may be re- 
placed by an equivalent network; 
Figure 2(4) shows the network for the 
mid-band range, where for a well 
designed amplifier the coupling and 
shunt condensers can be ignored, 
since they have no effect on the per- 
formance of the circuit. The voltage 
across the coupling resistance R2 then 
equals the applied voltage = multi- 


‘ Re 
plied by the ratio 

At higher frequencies, however, the 
shunt capacity of the tube and its 
leads must be taken into account by 
inserting the condenser c of Figure 
2(B). Voltage across R2 is then de- 
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creased by an amount which depends 
on the reactance of this condenser. 

Ratio of the original voltage across 
the coupling condenser to the final 
voltage may be expressed as: 


1; 
Ri 
Various values of the parameter 
27 CR Ro 
RitRe 
of the same shape, the successive 
curves being shifted sidewise. A curve 
of loss versus frequency can be com- 
puted, and plotted to a logarithmic 
scale of frequencies, a mark being 
placed at a frequency of Fy which is 
equal to the reciprocal of the param- 
eter. For a different value of the 


will give a family of curves 
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Fig. 1—Simplified schematic of a typical 


resistance-coupled amplifier 


RI 
Cc R2 R2 
E | E 
S 
(A) (B) 


(Cc) 
Fig. 2—Equivalent networks of one stage. 
(a) mid-band; (B) at high frequencies; 
(c) at low frequencies; R1 is the parallel 
resistance of the tube and the plate resistor; 
R2 resistance of the grid circuit of the 
succeeding tube; Cc, total shunt capacity; 
c’ coupling condensers; E, voltage or equiva- 
lent plate-circuit generator 


parameter, a new value of Fo is com- 
puted, and marked on the logarithmic 
scale; the former curve is then slid 
sidewise until old and new values of 
Fy coincide. A metal template is the 
obvious tool for this operation. 

On the template are engraved dia- 
grams which show the simplified forms 
of the four types of networks com- 
monly used. Near each network is a 
formula from which a reference fre- 
quency F) can be calculated from 
the values of the re- 
sistance and induc- 
tance or capacity of the 
elements of a given 
amplifier stage. 

To draw the graphs 
the template is placed 
on a special three-cycle 
logarithmic paper, so 
that the line Fy on the 
plate coincides with 
the abscissa on the 
paper whose value is 
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Fo. Curves are then drawn by tracin 
along the lower edge of each of the 
two slots in the template. The upper 
curve gives the loss in db for different 
frequencies and the lower one the 
corresponding phase shift in degrees, 
The scales for the loss and phase 
shift are given on the template and 
can be transcribed directly. 

At frequencies below the mid-band 
range the coupling condenser be- 
comes important, while the shunt 
capacities can be neglected. The 
equivalent network is that shown in 
Figure 2c; and it can be shown that 
its loss equation is the reciprocal of 
that for the circuit of Figure 2:. 
Hence the same template can be used 
by merely turning it end-for-end. 
The equation for inductance-in-series 
is the same as for capacitance-in- 
parallel, and that for inductance-in- 
parallel is the same as that for capaci- 
tance-in-series. 

As one goes up the scale of fre- 
quencies, evidently the parasitic ca- 
pacities and inductances of the wiring 
have more and more influence on 
performance, and the error intro- 
duced by lumping them _ becomes 
progressively greater. However, for a 
midband frequency of one kilocycle, 
the error at 40 kc is not great enough 
to impair the usefulness of this method 
as a quick survey of a problem. 


Fig. 3—One side of the template, for circuits containing 
shunt capacitance or series inductance 
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Identifying 
Cable Wires 


By R. I. CRISFIELD 
Outside Plant Development 


TESTING operation 
frequently required in 
the outside telephone 

plant is the identification of a 
particular wire in a cable 
which contains many others. 
For this work, it has been the 
practice to apply a buzzer tone 
to the wire at some point such 
as the central office and have 
the splicer at a distant point 
test the different cable wires until he 
finds the one carrying the test tone. 
The searching device used consists 
of a fiber holder terminating in needle 
points. With this test pick the splicer 
punctures the paper insulation and 
makes contact with the copper con- 
ductors of the individual cable wires. 
The pick connects through a con- 
denser to a talking pair which serves 
as the communication circuit be- 
tween the splicer and the helper who 
applies the tone. 

The circuit, as used to identify the 
wires of a toll cable quad, is shown in 
Figure 1 to the left of the dashed line. 
A network reduces the volume and 
limits the frequencies of the tone 
current to minimize inductive dis- 
turbance on working cable wires. 
When any wire of the quad is con- 
tacted, the splicer hears the tone in 
the receiver of his talking set, as does 
also the helper at the other end of the 
line. Thus, both know simultaneously 
when identification is made. The quad 
and the talking pair have capacitance 
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in respect to the cable sheath, and it 
is this capacitance which completes 
the tone circuit. 

In searching for a desired wire, 
many other wires may be contacted 
briefly. The condenser in series with 
the test pick increases the impedance 
of the test circuit and prevents it 
from unbalancing too greatly a work- 
ing line that may be contacted. A 
large unbalance would interfere se- 
riously with the operation of the 
working line. 

This test pick method of identifi- 
cation has been in successful use for 
many years on both toll and exchange 
cable. In some cases, however, identi- 
fication takes a comparatively long 
time, since many wires must be tested 
during the search. Also, with some of 
the newer types of cable circuit, such 
as those used for program or carrier 
transmission, the unbalance caused 
by the test pick when it touches a 
wire of the circuit may be more than 
is permissible. For these reasons a new 
method of wire identification has been 
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developed. It is considerably faster 
than the test pick method and does 
not involve metallic contacts with 
the cable wires at the identifying 
point. A buzzer tone is used as with 
the test pick method but a probe, 
which is connected at the identifying 
point to the splicer’s talking pair 
through a vacuum tube amplifier, is 
substituted for the test pick and con- 
denser. The probe looks like a test 
pick but terminates in a rounded 
metal tip instead of needle points. It 
is used essentially as the test pick in 
searching among the cable wires for 
the identifying tone, but the capaci- 
tance between the cable wire and the 
probe rather than direct metallic con- 
tact serves as the pick-up medium. 
Thus, unbalance which might be 
caused by metallic contact is avoided. 
Also, the amplifier gain is sufficient 
to make the test tone faintly audible 
as soon as the probe is brought within 


an inch or so of the wire being 
sought. This permits the splicer to 
ferret out quickly the wire he seeks, 
The circuit arrangement for identi- 
fying a quad by this “capacitance” 
method is illustrated in Figure 1. The 
probe is connected to the input cir- 
cuit of the amplifier and the amplifier 
output is bridged across the receiver 
of the splicer’s talking set. Both the 
splicer and helper hear the identifying 
tone. The test pick and condenser, 
shown in dotted lines, pertain to the 

test pick method and are not used. 
In identifying wires by the capaci- 
tance method, the splicer holds the 
probe approximately at a right angle 
to the cable wires and moves it slowly 
around the periphery of the splice 
to determine whether the wires sought 
are in the outside layer. He then 
pushes the probe through the splice 
at various points. When the probe 
is in the vicinity of the desired wire he 
hears the identifying 


— IDENTIFYING POINT tone in the receiver. 
BUZZER 
TONE SOURCE ening Further search is made 
ah in this area. The tone 
is loudest when the tip 
PAIR 2 of the probe presses 
i . 
PICK [[PROBE against the paper in- 
HELPERS 
TALKING SET sulation of the wire 
TALKING PAIR wanted. 
REC 
three vacuum tubes 
and provides a flat 
amplification of ap- 
j proximately 50 db be- 
| tween 100 and 4000 


Fig. 1—The former method of identifying a wire in a toll 
cable was to apply a buzzer tone to one end of the wire and 
search at a distant point for the wire carrying the tone with a 
test pick which punctures the paper insulation—see dotted 
lines. In the new capacitance method a probe having a 
rounded metal tip is used instead of a test pick—see right of 
broken line. The capacitance between the wire and probe 
serves as the pick-up medium. The amplifier increases the 
sound in the receivers of the talking sets 
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cycles. It is housed in 
an aluminum alloy box 
approximately eight 
inches long, eight 
inches wide, and seven 
inches high, which also 
provides space for the 
accessories. There are 
input and output jacks 
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to accommodate the plugs associated 
with the probe and receiver cords, 
and a filament rheostat for gain con- 
trol. Inserting the plug associated 
with the receiver cord turns on the 
amplifier through a filament switch in 
the output jack. The amplifier, com- 
plete with batteries, tubes and ac- 
cessories, weighs about eleven pounds. 

An improved network also has been 
developed, to control the output cur- 
rent of the buzzer. It suppresses the 
harmonics of the buzzer tone more 
effectively than the network used 
heretofore and minimizes inductive 


disturbances on the newer carrier 
cables, as well as on voice frequency 
cables. The current supplied by the 
improved network is sufficient to pro- 
vide a strong pick-up tone when the 
test points are separated by thirty 
miles or more. 

Although the capacitance method 
has been developed primarily for use 
on toll cable, it may be used to ad- 
vantage in certain types of exchange 
work. Its development constitutes one 
of the measures required to keep test- 
ing facilities in step with recent de- 
velopments in transmission circuits. 


Conducting particles are objectionable in condenser paper. In this laboratory 

apparatus they are detected by passing the paper between a metal roller and 

plate. The roller and plate terminate an electric circuit which is completed as 

the particle passes under the roller. The particles are counted by an electric 

recorder or by listening to the clicks in a telephone headset. W. F. Kiernan 
is shown operating the apparatus 
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ACH railroad system in Amer- 

ica has a system of telephone 

lines. At every point the rail- 
road man has at his disposal the com- 
munication channels so important to 
the maintenance of an efficient trans- 
portation system. From one station to 
another, or to a group of others, dis- 
patching systems provide the means 
for signalling and talking; between 
the stations, portable telephones may 
be connected to the lines to allow in- 
spectors and working crews to make 
reports and receive their orders. 
Wrecking trains, hand-cars, and 
freight and passenger trains are being 
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A Portable 
Telephone for 
Railroads 


By A. H. MILLER 
Commercial Products 


equipped so that they may keep in 
communication with headquarters 
whenever it is desirable. 

Portable telephones for railroad use 
have been sold by the Western Elec- 
tric Company for a number of years. 
The knowledge gained from this ex- 
perience, and the latest technical ad- 
vances in design, have been embodied 
in new apparatus developed by the 
Laboratories. This apparatus, coded 
the 301A telephone set, is composed 
of a handset, generator, induction coil, 
condenser, ringer bracket, and bat- 
tery container, all mounted in a strong 
fiber carrying case. The ringer bracket 
is arranged to receive the BrA ringer 
shown in Figure 2. As most calls 
originate from the set, the ringer is 
not ordinarily supplied. Connection 
to overhead lines is provided by a 
cord carried by a light three-section 
portable pole equipped with terminals, 
whose extensions are suitable for 
hooking over the two sides of the tele- 
phone line. The illustrations show the 
appearance of the equipment and the 
manner of its use. 

The set is eleven by nine by five and 
a half inches and weighs about fifteen 
pounds. Almost half this weight is in 
the powerful soF generator, which 
will signal over four hundred miles of 
ordinary open-wire line. High trans- 
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mission efficiency and 
low bridging loss per- 
mit a number of sets 
to be operated on a 
line at the same time. 
A push-button switch 
in the handset handle is 
used to change from the 
listening to the talking 
condition. Impedance 
in the listening posi- 
tion at 1000 cycles is 
3300 ohms at an angle 
of sixty degrees. 
Protection against 
high line-voltages is as- 
sured by having no electrical connec- 
tion from the line to the receiver and 
transmitter; by insulating the handle 
of the generator; and by using a soft 
rubber handset shell. Besides afford- 
ing protection to the operator, the 
soft rubber shell also saves weight. 
Incorporated in the handset are the 


Fig 


Fig. 1—Manner of using the 301A telephone set is demon- 
strated by A. F. Dolan of the Laboratories 
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. 2—The set removed from its case 


same high-efficiency transmitter and 
receiver units which are used in the 
new three-piece handset of the Bell 
System. The small battery-drain en- 
ables the use of ““D” type flashlight 
cells, four in number; these are 
widely available and readily replaced 
in the set. A condenser in series with 
the line side of the in- 
duction coil reduces the 
thumps that may be 
picked up from dis- 
patching-set selector 
impulses and keeps the 
impulses from being 
shunted through the 
induction coil, which 
would interfere with 
the operation of the 
dispatching system. 
While it was de- 
signed particularly for 
railroad use, the 301A 
telephone set may ulti- 
mately be widely ap- 
plied in other fields, for 
it is well suited to any 
situation where a port- 
able magneto tele- 
phone of low cost and of 
unusually rugged con- 
struction is required. 
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Regulation for Type-K Carrier 


By F. A. BROOKS 
Carrier Telephone Development 


LONG-distance telephone cir- 
cuit operates with a net loss 
between terminals which may 

be about 9 db. The total circuit loss 
on a long circuit will, of course, be 
much greater than this. For a 1000- 
mile type-K carrier system, which 
operates on non-loaded pairs and pro- 
vides twelve circuits in the frequency 
range from 12,000 to 60,000 cycles, 
the total circuit loss at 12,000 cycles 
will be of the order of 2500 db and at 
60,000 cycles about 3600 db. The 
repeaters supply enough gain to make 
up for the line loss, and the indi- 
vidual channels are provided with 
pads to give the desired net loss on 
each circuit. However, the line losses 
vary with temperature, and although 
the maximum change in loss due to 


10.2 


temperature, such as between the 
coldest winter and the hottest sum- 
mer day, is less than a fifth of the total 
line loss, it may be very large with 
respect to the circuit net loss, and 
must be accurately compensated to 
hold the latter within the required 
limits. This is accomplished by a sys- 
tem of regulation which varies the 
gains of the repeaters in accordance 
with the mean temperature of the 
cable as determined by automatic 
measurements of the resistance of one 
of the cable pairs. 

In the type-K system, the changes 
in loss with temperature are so great 
that with aerial cable it is necessary 
to provide regulation at each repeater 
station. This means that the number 
of regulators will be large, approxi- 

mately sixty in a 1000-mile 


circuit, and the allowable va- 
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riation for each must be kept 
within very close limits. The 


problem is further compli- 


~J cated by the fact that the 


© 


change in loss with change in 
temperature is different at 


~~| different frequencies. This is 


it TEMPERATURE 
CHANGE =110°F 


© 


illustrated in Figure 1 which 
shows the change in loss due 


ATTENUATION CHANGE IN DECIBELS 
PER REPEATER SECTION 
© 
/ 


to a 110-degree change of tem- 


perature for a single repeater 
section of average length. The 


10 15 20 25 30 35 40 45 50 
FREQUENCY IN KILOCYCLES PER SECOND 


Fig. 1—Attenuation change for a repeater section 
for a 110-degree Fahrenheit change in temperature. 
Dotted curves show the limits of variations of dif- 


ferent sections of cable 
160 


solid line indicates the mean 
values, while the two dotted 
curves represent the extremes 
which have been measured. 
At 12 ke, the lowest carrier 
frequency, the change in loss 


55 60 


Fanuary 1939 


Fig. 2—Flat-gain regulator for the type-K carrier system 


is about 8.9 db. It increases with fre- 
quency up to about 28 kc, where it is 
of the order of 10 db, and then falls 
off to about 9.4 db at 60 kc—the high- 
est frequency. 

This variation in gain could be cor- 
rectly compensated by giving each 
regulating repeater a characteristic 
that corresponds to Figure 1. It is 
more expensive, however, to provide 
a variable curving gain change char- 
acteristic than it is a flat one, and 
since the smallest change in loss— 
that at 12 kc—is nearly ninety per 
cent of the maximum, it seemed de- 
sirable to divide the regulation in two 
steps: to provide a flat-gain regulator 
at each repeater station to give the 
same gain change at all frequencies, 
and then at less frequent intervals to 
supply a “twist” regulator to intro- 
duce a correction to compensate for 
the portion of the loss that varies with 
frequency. The maximum amount of 
the twist-gain change over six sec- 
tions will be less than the flat-gain 
change over a single section. The flat 
gain provided actually corresponds to 
the change in loss at 28 kc, and twist 
regulation is provided by inserting 
additional gain or loss at the lower and 
higher frequencies, as required. 
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Each of the repeat- 
ers, discussed in an ac- 
companying article 
(page 148), is designed 
with an adjustable ele- 
ment by which its gain 
may be changed, and 
at each repeater sta- 
tion is a flat-gain regu- 
lator that adjusts this 
element to change the 
gain in accordance with 
the average tempera- 
ture of the cable sec- 
tion preceding the re- 
peater station. At 
about every sixth repeater station 
there will be in addition a flat-gain 
amplifier in tandem with a twist net- 
work which is under the control of a 
twist regulator. These will correct for 
the curving temperature character- 
istic over the preceding sections. 

Both flat- and twist-gain regulators 
are similar in their essential features. 
They are modified commercial in- 
struments; the flat-gain regulator is 
shown in Figure 2 and the twist regu- 
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Fig. 3—A Wheatstone bridge circuit is em- 
ployed to determine the mean temperature 
of a section of cable—a pilot pair in the 
cable serving as one arm of the bridge 
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lator in the photograph on page 137. 
Each includes a bridge circuit, as 
shown in Figure 3, one arm of which 
consists of a cable pair in the cable to 
be regulated. For the flat-gain regu- 
lator this pair will extend over only 
one section, while for the twist regu- 
lator, the pair will extend over a num- 
ber of sections. These pairs are also 
used for the carrier frequencies, and 
simple composite sets are provided to 
by-pass the d-c pilot circuit around 
the repeater for the twist pilot circuits 
and to terminate it properly at the 
end of each regulating section. At a 
mean cable temperature of fifty-five 
degrees Fahrenheit, the resistance of 
these pilot pairs is such as to make 
the bridge balanced. A change in 
temperature will unbalance the bridge 
and deflect the galvanometer, causing 
the contact of a slide-wire resistance, 
connected in one corner of the bridge, 
to be moved automatically to restore 
the balance. At the same time, the 
adjustment feature of the amplifier is 
also moved automatically to make a 
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tat, 


GALVANOMETER 


change in gain proportional to the 
change in temperature that unbal- 
anced the bridge. 

There is only one regulator at each 
flat-gain repeater station for each 
direction of transmission, and two at 
the stations where twist regulation is 
accomplished, but there are as many 
amplifiers as there are carrier pairs, 
Each regulator thus controls a number 
of amplifiers, and the connection be- 
tween regulator and amplifier is made 
by Autosyn motors. These motors do 
not run as ordinary motors do, but 
when two of them are connected to- 
gether electrically, any motion of one 
will be exactly duplicated by the 
other. Each regulator has a master 
Autosyn motor which is connected 
electrically to similar motors that 
make the adjustments for all the 
amplifiers. These latter motors move 
the adjustable element that changes 
the gain, and they in turn are moved 
by the master motor, which is turned 
by the regulator in proportion to the 
change of temperature in the cable. 
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Fig. 4—Diagrammatic representations of the basic operating features of the regulator 
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A simplified diagrammatic sketch 
of the part of the regulator that moves 
the master Autosyn motor is shown in 
Figure 4. The shaft of the motor is 
extended, through a clutch, to a 
horizontal bar called the clutch arm. 
In the illustration the clutch arm is 
shown separated from the clutch, but 
in the actual regulator it acts as one 
of the clutch plates. When the clutch 
is open the clutch arm may be readily 
tilted in either direction without af- 
fecting the Autosyn motor. Any mo- 
tion of the arm while the clutch is 
closed, however, results in an equal 
motion of the Autosyn motor. The 
regulator includes a small motor that 
runs continuously and is geared to a 
slow-speed shaft. Once every revolu- 
tion this shaft carries through a se- 
quence of operations that results in a 
change of gain of the amplifiers if the 
temperature of the cable has changed. 
It first tilts the clutch arm by an 
amount proportional to the change in 
temperature of the cable as indicated 
by the deflection of the galvanometer 
needle of Figure 4. The arm will be 
tipped one way if the temperature 
has increased and the other way if it 
has decreased. Next the clutch will be 
closed, and a moment after, the clutch 
arm will be restored to the horizontal 
position by two sweep cams, and in 
returning to its original position, it 
will move the Autosyn motor through 
an angle equal to the deflection of the 
clutch arm from the horizontal. 

The first motion of the clutch arm, 
while the clutch is open, is performed 
by the setting levers, which are closed 
by the spring when a holding cam is 
rotated to the release position. During 
this operation the galvanometer needle 
is momentarily clamped in position. 

If the compensation has been suf- 
ficient, and there has been no further 
change in temperature, the galvanom- 
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eter pointer will remain in the central 
position, and the setting levers will 
close equally at the two sides, and will 
not affect the position of the clutch 
arm. If the needle has been deflected, 
however, it will be locked in this de- 


Fig. s—Position of setting levers just after 
they have moved the clutch arm 


flected position before the setting 
levers begin to close, and as they close, 
one of them will be held by the locked 
needle, so that the rest of the closing 
operation will be done by the other 
lever. This action will carry the lower 
end of one of the levers beyond the 
central position, and in crossing the 
center line, it will tilt the clutch arm 
through a cam pin as shown in Figure 
5. The setting levers will then be 
opened by the locking cam, the clutch 
will close, and the rotation of the two 
sweep cams will restore the clutch 
arm to the horizontal position, mov- 
ing the Autosyn motor and making a 
gain adjustment at all the repeaters in 
doing so. 

As described in an accompanying 
article,* flat-gain adjustment is made 
by rotating the plates of condensers in 
the feedback circuits of the line ampli- 
fiers at each repeater station. Twist- 

*Page 148, this issue. 
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twist gain is accomplished 


gain regulation is accomplished by 
changing taps on resistances in the 
twist network. These resistances with 
their motor are mounted together as 
shown in Figure 6. They are rather 
large, and considerable friction must 
be overcome in moving the brushes 
that make the adjustment. As a result 
a much larger motor must be used 
than is needed to adjust the condenser 
of the flat-gain regulator. A corre- 
spondingly larger master motor is 
needed at the regulator, and because 
of this, the twist-gain differs from the 
flat-gain regulator in the provision of 
an additional motor. This accounts 
for much of the difference in appear- 
ance of the two regu- 

lators. This difference (A) 


6—Resistors in twist equalizer by which adjustment in 


put to the line ampli. 
fier; second, at the line 
amplifier output with 
no regulation; and 
third, with flat-gain 
regulation. The effect 
of the twist equalizer 
is to make the curves 
for all temperatures 
horizontal lines at the 
end of a twist regulator 
section. To emphasize 
the variations in loss 
with frequency that 
make the twist regulators necessary, 
the curves are not drawn to scale; the 
variations between low and high tem- 
peratures are augmented to illustrate 
their curvature. 

The signal currents which enter the 
cable at the distant end are at equal - 
levels. The cable loss increases with 
frequency as shown by the decrease in 
level in the first curve of Figure 7, 
and has a slope which is equalized by 
the line amplifier equalizer at mean 
cable temperature. At low and high 
temperatures, the level diagram—and 
hence the loss—have the same general 
slope but with a slightly different 
curvature. The greatest change in loss 


(8) (c) 


can be discerned in 


110° 


the accompanying 


photographs. 


The effect on the 
signal currents of the 


cable loss, of the line 


LEVEL IN DECIBELS 


amplifier including 


= 
basic equalizer and of er 


the flat-gain regulation 


— 


are illustrated by the 
three sets of curves of 
Figure 7. The curves 
from left to right rep- 
resent the level of the 
signal: first, at the in- 
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Fig. 7—Level frequency characteristic of carrier currents 
after passing over one section of line, at a; the effect of line 
amplification and line equalizer, at 8; the effect of flat-gain 


regulation, at C 
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with temperature occurs at 28 kc, and 

ives the low and high temperature 
curves the shape roughly indicated. 
Curves for intermediate temperatures 
will be intermediate in value. 

The effect of the line amplifier and 
equalizer is to tilt and increase the 
levels at the mean temperature to a 
horizontal with levels at the zero line. 
It has the same effect regardless of 
temperature, and thus leaves the low 
and high temperature curves in the 
same position relative to the mean 
temperature line that they had before. 
The function of flat-gain regulation at 
28 ke is also performed in the line 
amplifier, but these two functions are 
separate in Figure 7 to bring out more 
effectively the three types of gain 
change, namely, fixed gain, flat-gain 
change, and twist-gain change. The 
action of the flat-gain regulation on 
the signal levels is shown by the 
difference between curves B and c. 

The deviations shown in curve c at 
low and high temperatures are small 
and may be allowed to accumulate 
for several repeater sections. These 
deviations are then equalized by the 
twist regulator in order to give the 
same level at all frequencies. 

The performance of a typical sys- 


Fig. 9—The clutch arm and setting levers 
of the regulator are evident in this end view 
of the flat-gain regulator 


tem for one hundred and fifty miles is 
shown in Figure 8. The variation of 
the circuit equivalent at the mean and 
extreme channel frequencies is shown 
for a temperature range of 100 de- 
grees Fahrenheit. In an ideal system 
the curves would be straight hori- 
zontal lines. The departures from 
such a line of the actual system are 
due principally to non-linear varia- 
tions of loss that occur in the cable 
with respect to temperature. 

This temperature 


0.4 . 
2 KILOCYCLES equalization system is 
TT Td based on the assump- 
tion that the loss at any 
frequency changes as a 
a of temperature, which 
=>] it does very closely. 
04 Actually there are 
Go slight variations from 
oii — inearity, but they are 
-08 so small that only for 
10 20 30 40 50 60 70 80 90 


AVERAGE CABLE TEMPERATURE IN DEGREES FAHRENHEIT 


Fig. 8—Overall performance of the type-K carrier telephone 
system for a one-hundred-andfifty-mile circuit 
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circuits five hundred 
miles or more in length 
do they become of im- 
portance. On very long 
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circuits, therefore, a third type of 
regulator may be justified to control 
a repeater which will correct for the 
accumulation of these very small devi- 
ations. These additional regulators 


would be used only at about five. 
hundred-mile intervals, and would 
equalize for any slight irregularities 
that have been left uncorrected over 
the preceding five hundred miles, 
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Double-throw keys are used in private branch exchanges to connect 
the attendant in circuit and to ring the party called. They also provide 
through dialing and night service from the central office when the at- 


tendant is off duty. 


Operating the front key to the rear locks it and connects the attend- 
ant’s telephone and dial circuit to the cord circuit. To ring a station 
connected to the front cord the attendant operates the front key forward 
to its “‘non-locking”’ position. Similarly to ring a station connected to 
the rear cord the rear key is brought forward. Pressing the rear key 
back to the rear “locking” position connects the station through to the 

central office for direct connections or for night service 
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